Rationale Acute cocaine administration produces an initial rewarding state followed by a dysphoric/anxiogenic Bcrash.Ô bjective The objective of this study was to determine whether individual differences in the relative value of cocaine's positive and negative effects would account for variations in subsequent drug self-administration. Methods The dual actions of cocaine were assessed using a conditioned place test (where animals formed preferences for environments paired with the immediate rewarding effects of 1.0mg/kg i.v. cocaine or aversions of environments associated with the anxiogenic effects present 15-min postinjection) and a runway test (where animals developed approach-avoidance Bretreat^behaviors about entering a goal box associated with cocaine delivery). Ranked scores from these two tests were then correlated with each other and with the escalation in the operant responding of the same subjects observed over 10 days of 1-or 6-h/day access to i.v. (0.4mg/inj) cocaine selfadministration. Results Larger place preferences were associated with faster runway start latencies (r s =−0.64), but not with retreat frequency or run times; larger place aversions predicted slower runway start times (r s =0.62), increased run times (r s =0.65), and increased retreats (r s =0.62); response escalation was observed in both the 1-and 6-h self-administration groups and was associated with increased CPPs (r s =0.58) but not CPAs, as well as with faster run times (r s =−0.60). Conclusions Together, these data suggest that animals exhibiting a greater positive than negative response to acute (single daily injections of) cocaine are at the greatest risk for subsequent escalated cocaine self-administration, a presumed indicator of cocaine addiction.
Introduction
Acute cocaine administration has been described by users as producing two diametrically opposing affective states: an initial euphoric/rewarding Bhigh^that is followed in time by a dysphoric/anxiogenic Bcrash^ (Gawin 1991; Gawin and Kleber 1986; Koob and LeMoal 2006; Lambert et al. 2006; Port and Contel 1983; van Dyke and Byck 1982; Williamson et al. 1997) . These positive and negative actions of cocaine have also been reported in animal studies. For example, cocaine can induce conditioned preferences for distinctive places paired with its administration (e.g., Bardo et al. 1995; Mucha et al. 1982; Mueller and Stewart 2000; Tzschentke 1998) ; it reduces thresholds for rewarding brain stimulation (Ahmed et al. 2002; Koob 1991, 1992) and is readily self-administered (e.g., Ettenberg et al. 1982; Foltin and Fischman 1994; Goeders 1988; Roberts et al. 1977; Woolverton 1992) . In contrast to its rewarding actions, cocaine also induces aversions for places associated with its delayed anxiogenic effects (Ettenberg et al. 1999; Jhou et al. 2013; Knackstedt et al. 2002) , enhances measures of an animal's anxiety in an open field or elevated-plus maze (Rogerio and Takahashi 1992; Simon et al. 1994; Yang et al. 1992) , and sensitizes subjects' startle responses to conditioned fear stimuli (Borowski and Kokkinidis 1994; Willick and Kokkinidis 1995) . These behavioral effects are paralleled by the drug's neurochemical actions in that cocaine enhances neurotransmission within putative dopaminergic reward pathways (Dackis and O'Brien 2001; Koob et al. 1994; Roberts et al. 1977; Wise et al. 1995) while also inducing the release of corticosteroids associated with anxiogenic states (Goeders 1997; McReynolds et al. 2014; Moldow and Fischman 1987; Palamarchouk et al. 2009 ). Additionally, its administration has been associated with the emission of ultrasonic vocalizations that are reportedly associated with both positive and negative subjective states (Barker et al. 2014; Browning et al. 2011; Covington and Miczek 2003; Ma et al. 2010) .
Our laboratory has extensively studied these putative dual actions of cocaine using two behavioral test procedures: a modified conditioned place test and a runway model of drug self-administration (see review by Ettenberg 2004) . In the former, we have shown that while animals exhibit conditioned place preferences (CPPs) for a distinct environment paired with the immediate effects of i.v. cocaine, the same doses of cocaine produce conditioned place aversions (CPAs) for the same environment when paired with the effects present 15-min postinjection (Ettenberg et al. 1999; Knackstedt et al. 2002 ; see also Jhou et al. 2013) . In the runway test, undrugged rats are permitted to traverse a straight arm alley once daily for a single i.v. infusion of cocaine delivered upon goal box entry (Ettenberg 2009 ). In this procedure, animals leave the start box faster and faster each day (an indication of their motivation to seek the drug) but develop over trials a unique approach-avoidance conflict about goal box entry. They run quickly to the goal box threshold, but then stop and retreat toward the start box, a behavior that the subjects repeat with increasing frequency over trials before eventually entering the goal box and receiving the cocaine reinforcer Geist 1991, 1993) . Both the place test and runway test are therefore uniquely sensitive to both the positive and negative actions of the same dose of cocaine.
The demonstration that acute single daily injections of cocaine have both positive and negative consequences implies that the decision or motivation to seek cocaine is likely related to the relative valence of these two opposing actions during initial experiences with the drug. Presumably, individuals for whom the acute negative consequences outweigh the positive would be less likely to re-engage in drug-seeking behavior compared to those for whom the positive outweighs the negative effects of the drug. To examine this possibility in the animal laboratory, we sequentially employed the conditioned place test and runway test to assess the positive and negative attributes of the cocaine experience in the same animals. These subjects were then permitted to self-administer cocaine for either 1-or 6-h per day. Previous work has shown that rats provided extended 6-h/day of access to cocaine produce escalations in their rate of cocaine self-administration over trials-a response pattern that some have interpreted as evidence for and a model of cocaine Baddiction^(e.g., Koob 1998, 1999; Ben-Shahar et al. 2004; Calipari et al. 2014; Ferrario et al. 2005) . In the present study, we correlated the performance of the same animals in the place conditioning, runway, and drug self-administration tests as a means of assessing whether or not the acute affective response to cocaine has predictive value for the development of cocaine Baddiction^as measured by the magnitude of response escalation observed in the self-administration test.
Materials and methods

Subjects
Thirty male albino Sprague-Dawley rats (Charles River Laboratories, Hollister, CA) weighing 275-325g at the start of the experiment served as the subjects. Animals were housed in pairs in plastic ventilated cages located within a temperature-controlled (22°C), 12/12-h light/dark cycle (lights on at 20:00) vivarium. Free access to food (Purina Rat Chow) and water was provided throughout the study. All animal handling and experimental procedures adhered to the NIH Guide for the Care and Use of Laboratory Animals and were reviewed and approved by the University of California at Santa Barbara's Institutional Animal Care and Use Committee (IACUC).
Surgery
Rats were acclimated to human handling for 1 week prior to i.v. catheterization, which was completed during deep anesthesia induced by an i.m. injection of a mixed solution consisting of 56mg/kg ketamine and 7.5mg/kg xylazine. The catheter consisted of PE-20 tubing (Dow Corning Corp, Midland, MI, USA) inserted into the right jugular vein with the open end affixed to a stainless steel guide cannula (Item 313G; Plastics One, Roanoke, VA, USA) that was passed subcutaneously and protruded through a 2-mm hole on the midline of the animal's back. The guide cannula was cemented to a 2-cm square of Mersilene surgical mesh (Bard; Warwick, RI, USA) that was laid flat on the animal's back and secured by suture to the subdermal tissue. Following surgery, rats received the antibiotic ticarcillin disodium/ clavulanate potassium (Timetin; 50mg/kg, i.v.) and 0.1ml of heparin (6.0IU/0.1ml prepared in 0.9% physiological saline, i.v.) as a prophylactic measure against microbial infection and to promote catheter patency. One week was provided for recovery during which the catheters were flushed daily with 0.1ml of the antibiotic ticarcillin disodium/clavulanate potassium (Timetin® 20mg/kg, i.v.) and 0.1ml of heparinized 0.9% physiological saline to maintain catheter patency. Catheter patency was confirmed weekly by observing the impact of an i.v. injection of the fast-acting barbiturate, methohexital sodium (Brevital; 2.0mg/kg/0.1ml). Animals that did not lose their righting reflex were removed from the study and their data not included in the statistical analysis. For more complete details for both the surgical and postsurgical treatment protocols, see Wenzel et al. (2014) .
Drugs
Cocaine hydrochloride was provided by the National Institute of Drug Abuse. The drug was dissolved in a sterile vehicle solution of 0.9% physiological saline and delivered in a volume of 0.1ml over a period of 4.3s via a 10-ml syringe seated in a motorized syringe pump (Razel Scientific Instruments, St Albans, VT, USA). Control injections consisted of a comparable volume of saline alone. The dose of cocaine used in the place conditioning and runway tests (1.0mg/kg i.v.) was selected on the basis of optimal results observed in prior studies (Ettenberg and Bernardi 2007; Ettenberg et al. 1999; Raven et al. 2000) . The cocaine dose in the self-administration task (0.4mg/injection i.v.) was selected for equivalency (based on the subjects' weights) to the dose (0.25mg/inj; corresponding to a dose of 0.75mg/kg) previously used by us and others in studies of response escalation among animals given 6-h daily access to the drug (e.g., Koob 1998, 1999; BenShahar et al. 2004 BenShahar et al. , 2005 Paterson and Markou 2003) .
Behavioral apparatus (a) Place conditioning apparatus-The apparatus consisted of two identical wooden rectangular enclosures (156cm-L×34-W×30-H) each of which could be subdivided into separate compartments using removable walls. Two larger compartments (61cm-L×34-W×30-H) were at opposite ends separated by a smaller middle chamber (34cm-L×24-W×30-H). The larger compartments differed in their visual (black or white), tactile (floor Plexiglas or soft bedding), and olfactory (acetic acid scent or no scent) properties. The middle section of the apparatus was painted gray and had a wooden floor. Situated above each apparatus was a digital camera connected by interface to a desktop PC running Any-Maze software (Stoelting Co, Wood Dale, IL, USA) that recorded the precise location of the animal in real time. (b) Runways-The apparatus consisted of two identical wooden straight arm runways (160cm-L×12-W×44-H) each with a start and goal box (each 23cm-L×20-W×44-H) attached at opposite ends. Automated sliding doors separated the goal and start boxes from the long alley portion of the apparatus. Thirteen pairs of infrared photocell emitter-detectors were evenly distributed 2.5cm above the floor along the length of each runway with the first pair located within the start box and the final pair within the goal box. The infrared sensors were connected to a custom interface (Hamilton-Kinder Co, San Diego, CA., USA) controlled by a desktop computer running Any-Maze software that recorded the precise location of the animal in the runway in real time. The software also controlled the start box and goal box doors, recorded start latencies, run times, and retreat frequencies (see BProcedures^below), and delivered the cocaine reinforcer via activation of a syringe pump (Med Associates, St. Albans, VT, USA) upon the animal's entry into the goal box. For a more complete description of the runway apparatus, see Geist and Ettenberg (1990) . (c) Operant self-administration chambers-Ten standard Med Associates operant conditioning boxes (25-L×29-W × 30-H cm) each located within its own soundattenuating chamber were used for the selfadministration test. Each chamber contained a food trough, a food pellet dispenser, a 2.8-W cue light, and a retractable lever. Reinforcer delivery (food or drug), the control of the cue light and lever, and data collection were all accomplished by a desktop PC running Med Associates software (MED-PC for Windows, Version 1.17; St. Albans, VT, USA). An Instech Laboratory liquid swivel was centered on the roof of each operant conditioning box to provide the animal with freedom of movement. PE-20 tubing connected a drug-filled 10-ml syringe (seated in a Med Assoc. syringe pump) to the swivel and the swivel to the connector on each animal's back.
Procedures
Subjects were run first in the place conditioning test, then the runway, and then in the self-administration test. Since the goal of this research was to assess the relationship between the performance of the same subjects in three different behavioral tests, only those animals that completed the entire test sequence (n=19) were included in the data analyses. In each case, the test procedures employed here were precisely as described in several of our previous reports (e.g., see BenShahar et al. 2004 BenShahar et al. , 2005 Ettenberg 2004 Ettenberg , 2009 Ettenberg et al. 1999) . A schematic summary of the experimental protocol is provided in Fig. 1 .
(a) Place conditioning-Place conditioning was conducted in three stages: a 15-min preconditioning baseline during which the time spent in each of the three compartments was measured, 16 place-conditioning trials, and a final postconditioning preference test conducted identically to baseline. The 16 place-conditioning trials each consisted of an injection of either cocaine (1.0mg/kg i.v.) or saline followed by confinement to either the white or black compartment for 5-min. On alternating days, the subjects were provided the alternate treatment such that at the end of conditioning, each rat had received 8 cocaine pairings with one side of the apparatus and 8 saline pairings with the alternate side. The use of 16 conditioning trials was to ensure robust results that minimize the within-group variability common to place conditioning procedures particularly given the short 5-min duration of the conditioning trials employed here. Approximately half of the animals were placed into the conditioning apparatus immediately after cocaine injection (a CPP group; n=9) while the remaining animals were placed into the apparatus 15-min postinjection (a CPA group; n = 10). The drugpaired environments and the order of treatments were counterbalanced within each group. Note that the CPAs produced with this method are thought to be a consequence of the aversive affective response to cocaine and not to some aspect of drug withdrawal since cocaine levels in both brain and plasma remain high 15-min post-IV injection (e.g., Barbieri et al. 1992; Booze et al. 1997) . Following conditioning, a single test trial was conducted as described for baseline. Difference scores (time in the drug-paired side on test day minus the time spent there on baseline) identified whether each rat exhibited a shift toward (CPP) or away (CPA) from the cocaine-paired environment as a consequence of conditioning. (b) Cocaine-seeking in the runway-Forty-eight hours after completion of the place-conditioning test, each animal was allowed to freely explore the apparatus (with the goal door closed) during a single 10-min habituation trial. The next day, the subjects, now combined into one group (n=19), began a 14-day test protocol consisting of single daily trials as previously described (e.g., see Ettenberg 2009 ). Three dependent measures were recorded for each animal on every trial: start latency (time to leave the start box once the start door was opened), run time (time required to enter the goal box once a subject had left the start box), and the number of approach-avoidance retreat behaviors (defined as forward movement for a distance of at least three photo-beams followed by a stop and a retreat back for a distance of at least two photo-beams). Upon the subject's entry into the goal box, the goal door was automatically closed and a single injection of cocaine (1.0mg/kg i.v.) administered. Each rat remained in the goal box for 5-min after which it was returned to its home cage. (c) Lever press self-administration-Forty-eight hours after completion of the final runway trial, the rats were transitioned to the lever press self-administration phase of the study. We employed here the same procedures as previously described (e.g., Ben-Shahar et al. 2004 Su et al. 2013) . To facilitate the learning of the operant response, the rats were placed on a restricted diet of 15g of Purina® rat chow per day, and then shaped to lever press for 45-mg food pellets (P.J. Noyes Company, Lancaster, NH, USA) delivered on a FR1 schedule during daily 1-h sessions conducted over two consecutive days. All rats successfully learned the operant behavior by the second day of training after which they were again provided ad libitium access to food in their home cages. Daily 1-h cocaine self-administration sessions were initiated 24h after the completion of operant training. Rats were individually placed into an operant conditioning box, followed 30-90s later by the extension of the lever. Lever presses were then reinforced on a FR1 schedule by i.v. infusion of cocaine (0.4mg/inj). To prevent accidental overdose, no cocaine was delivered over the next 20s during which time the cue light remained illuminated. The termination of cue light signaled the availability of the next reinforcer. After 7 days of selfadministration training, rats were randomly assigned to one of two groups both of which were given the opportunity to self-administer cocaine for 10 additional daily sessions. A Bbrief access^group (n=10) continued with 1-h sessions and an Bextended access^(n=9) group selfadministered cocaine for 6-h/day. figure) and those conditioned to the delayed negative effects of the drug (the 15-min group). While the initial times spent on the white or black sides of the apparatus were not different from one another for either group on baseline (repeated measures two-tailed t tests, p>.05; data not shown) as Fig. 2 illustrates, animals exhibited a postconditioning shift in preference toward the cocainepaired side of the apparatus in the 0-min group and an avoidance of the side paired with the delayed effects of cocaine in the 15-min group. The statistical reliability of these CPPs and CPAs were confirmed by one-group t tests comparing the value of each group's difference score from B0^(for the CPP group: t(8)=4.93, p<.002; and for the CPA group t(9)= 2.39, p<.05). An independent group two-tailed t test computed on these data additionally confirmed a statistically significant difference in the behavior of the two groups: t(17)= 3.650, p<0.002.
Runway
Individual one-way repeated measures ANOVAs were computed on the start latencies, run times, and retreat behaviors of the subjects during the 14 trials/days of runway testing. The animals' latency to initiate responding decreased over trials (start latency, F(13,234)=4.48, p<.006) while the number of approach-avoidance retreat behaviors, and as a consequence, the time to enter the goal box, both increased over trials (retreat frequency, F(13,234)=3.368, p<.02; run time, F(13, 234)=2.31, p<.045). These results are reflected in Fig. 3 , which shows the group's mean performance on each of the dependent measures during the first versus the final day of testing. Separate repeated-measures two-tailed t tests computed on the data depicted in Fig. 3 confirmed that while subjects initiated responding faster by the end of testing (start latencies, trial 1 vs trial 14, t(18) = 2.15, p < .05), run times, and approach-avoidance retreat behaviors increased from the first to last trial (retreats, t(18)=2.99, p<.008; run times, t(18)= 2.80, p<.02).
Self-administration
In the self-administration test, both the extended access (6-h) and brief access (1-h) groups were comparably and highly motivated to initiate responding. The mean latency (±SEM) to emit the first lever press once the lever was introduced into the operant conditioning box was 0.22s (±0.12) in the 6-h group and 0.35s (±0.14) in the 1-h group (independent group t test p>.05). Thus, once placed into the operant chamber, the animals hovered in the vicinity of the lever and began responding quickly as soon as the lever was fully extended. Once the responding was initiated, group differences in performance emerged. The mean (±SEM) number of cocainereinforced responses earned by the 6-and 1-h groups over the 10 days of testing is depicted in Fig. 4 . Separate repeated measures one-way ANOVAs computed on the data for each of the two groups confirmed that both the brief access and extended access animals significantly increased their earned drug intake over trials. Brief access (1-h) animals increased their number of self-infusions from an average of 12.7 on the first trial to 15.0 infusions on day 10 [F(9,81)=2.69, p<0.01], while extended access (6-h) animals increased reinforced responding from an verage of 65.4 infusions on the first day to 91.2 infusions on the last day [F(9,72) =3.29, p< 0.003]. While both groups increased their drug intake over trials, the rate at which they did so (i.e., the slopes of the curves depicted in the top versus bottom portions of Fig. 4 ) was significantly greater in the 6-h group than in the 1-h group (independent group single-factor ANOVA [F(1,17) = 32.07, p < 0.001] reflecting stronger escalation over trials in the 6-h group. The score above the x-axis reflects a shift toward the side associated with cocaine (a conditioned place preference; CPP) while the score below the line represents avoidance of the cocaine-paired environment (conditioned place aversions; CPA). Each group's mean difference score was significantly different from B0^(+p<.002; #p<.05). The two groups also performed differentially from one another (**p<.0.01) To further facilitate direct comparisons of the two groups, the mean (±SEM) number of infusions during the first hour of trial 1 and trial 10 are provided for each group on the left side of Fig. 5 . The average number of infusions during the entire Fig. 3 Mean (+SEM) start latency, run time, and retreat frequency on the first (white bars) and final (dark bars) trial for rats running a straight alley for single daily injections of i.v. cocaine. Separate repeated measures t tests confirmed changes in performance over the course of testing. *p<.05, **p<.01 Fig. 4 Mean (±SEM) earned cocaine infusions/trial for the 6-h (top) and 1-h (bottom) groups over the course of a 10-day test self-administration period. While both groups exhibited statistically reliable increases in responding over trials (1-h group, p<.01; 6-h group, p<.0003), the average rate of rise in responding (i.e., the average slope of the response curves) was greater in the 6-h than 1-h group (p<.001) session for the extended access (6-h) group is also included on the right side of the figure. The data from the first hour of testing (the four bars on the left side of the figure) were subjected to a group × trial repeated measures ANOVA which identified a significant main effect for trial [F(1,17)=36.58, p<0.001] reflecting the overall increase in reinforced responding observed in both groups from day 1 to day 10; a main effect of group [F(1,17)=15.54, p<0.001] confirming that the 6-h group emitted more reinforced responses than did the 1-h group when averaged across the first and last trial; and a group × trial interaction [F(1,17)=9.559, p<0.008] indicating that while both groups exhibited an increase in cocaine self-administration over trials, the magnitude of that escalation was greater in the 6-h group (a 37.2% increase) than the 1-h group (21.6%). Post hoc analyses confirmed that while the two groups responded comparably during the first hour of the first day (p>.05), and while both the short access and extended access groups responded more for cocaine on day 10 than on day 1 (p <.02 and p<.002, respectively), the 6-h group earned more infusions during the first hour of day 10 than did the 1-h group (p<.05). A significant increase in drug infusions from day 1 to day 10 was also observed in the 6-h group across the entire 6-h test session (right side of Fig. 4 ; repeated measures two-tailed t test; t(8)=6.49, p<.001). Finally, note that the increases in selfadministration responding developed over the course of the final 10 days of testing; there were no differences between the responding of the two groups during the 7-day self-administration training period nor, as described above, during the first hour of the first day of testing (p>.05).
Correlations
Spearman rank-order correlations (r s ) were computed to assess the relationship between the subjects' performance across the three behavioral tasks. Figure 6 depicts the ranking of each subject's performance in the conditioned place test relative to that observed in the runway test. CPP scores correlated negatively with start latencies in the runway (r s =−0.64) in that animals exhibiting the largest preferences for the cocainepaired environment (a presumed measure of cocaine reward) later exhibited the fastest start latencies in the runway task. Differences in the ranks of CPP scores accounted for 41% of the variance in the rankings of the same subjects' start latencies. Note that CPP magnitude did not correlate with run time or retreat frequency, both measures that are highly sensitive to the negative/anxiogenic properties of cocaine. In contrast, the rank-order magnitude of CPAs correlated positively with start latency (r s =0.62), run time (r s =0.65), and retreat frequency (r s =0.62). Thus, rats exhibiting the strongest adverse reactions to cocaine took the longest to initiate running and to reach the goal box and exhibited the most approach-avoidance conflict behavior in the runway. Differences in the rank order of the subjects' CPAs accounted for between 38 and 42 % of the variance in the measures of the runway test.
Other statistically significant correlations included the relationship between mean run time and mean retreat frequency (r s =0.96, see Fig. 7 ) reflecting the fact that animals emitting the most retreats not surprisingly took the longest to enter the goal box, and vice versa (ranked scores for retreat frequency accounted for 92% of the variation in ranked run time scores). Another strong positive correlation was obtained between ranked mean start latencies in the runway and ranked mean latency to emit the first lever press each day in the operant self-administration chamber (r s =0.81, data not shown). Thus, faster response initiation in one task (assumed to be an index of the subject's motivation to seek the drug) was predictive of faster response initiation in the other task. Indeed, ranked start latencies in Fig. 5 Mean (±SEM) number of earned cocaine infusions during the first and last trial/day for the 1-h and 6-h self-administration groups. The four bars to the left reflect reinforced responding during the first hour of testing while the two bars to the right show the change in responding over the entire 6-h session for the extended access group alone. *p<.05, **p<.01 the runway test accounted for 78% of the variation in response latencies in the self-administration test.
Of primary interest in the current study was the relationship between indices of the positive and negative effects of cocaine (in the place conditioning and runway tests) and the magnitude of response escalation over trials in the selfadministration test. Those relationships are depicted in Fig. 8 . Animals that exhibited the greatest escalation in responding from trial 1 to trial 10 tended to be those subjects that had the strongest positive response to cocaine. More specifically, the magnitude of CPPs was significantly and positively correlated with the ranked magnitude of response escalation (r s =0.58) accounting for 34% of the variance in ranked escalation scores; in contrast, CPA magnitude was unrelated to self-administration responding (r s =0.14, p>.05). Similarly, animals exhibiting the fastest (shortest) run times exhibited the greatest response escalation in the selfadministration test (r s =−0.60, p<.05) accounting for 36% of the variation in escalation magnitude. Despite the high correlation between retreats and run times, retreat frequency was only marginally associated with escalation (r s = −0.51, p=0.051) accounting for 25% of the variation in response Fig. 6 Spearman rank-order correlations between measures in the conditioned place test and the runway test. CPP conditioned place preference; CPA conditioned place aversion. Animals with the numerically lowest CPP/ CPA ranks (e.g., ranks 1 or 2) exhibited the smallest preferences or aversions; higher ranked animals (e.g., ranks of 9 or 10) exhibited larger preferences or aversions. Animals with numerically lower ranks for start latency had shorter (faster) mean response initiation times over the course of runway testing, while those with higher ranks exhibited longer (slower) start times. Subjects with numerically lower ranked retreat frequencies exhibited fewer retreats than those with higher ranks. For run times, subjects with lower ranks entered the goal box sooner (shorter run times) than animals with higher ranks (longer run times). The correlations show that larger CPPs were associated with faster start times but not with retreat frequency or run time, while larger CPAs were associated with slower start times, longer run times, and greater retreat frequency. *p<.05 escalation. Run times also negatively correlated with the mean number of self-administered drug infusions per trial (r s =−0.67) and the mean number of infusions during the first hour (r s =−0.67) when averaged across both the 1-and 6-h groups (data not shown). Variations in run times therefore accounted for 45 % of the variation in each of the two measures of cocaine infusions. Thus, animals that enter into the runway goal box most quickly tended to exhibit the greatest response escalation over the course of selfadministration testing.
Discussion
The rationale for this study was to determine whether or not individual differences in the positive and negative affective responses to single daily acute injections of cocaine would have predictive value for the escalation in self-administration responding observed over trials in animals provided extended 6-h daily access to the drug (a proposed model of cocaine Baddiction^; e.g. Ahmed and Koob 1998; Ben-Shahar et al. 2009 ). Two behavioral tests were employed to measure the affective consequences of cocaine administration: in the conditioned place test, rats exhibited preferences for a distinct environment paired with the immediate (rewarding) effects of cocaine and aversions of places associated with the anxiogenic effects of cocaine present 15-min postinjection (as we have previously reported, e.g., Ettenberg et al. 1999; Knackstedt et al. 2002; Su et al. 2013) ; in the runway test, subjects developed over trials an ambivalence (i.e., approachavoidance Bretreat^behaviors) about entering the goal boxan effect that has been shown to stem from concurrent associations of the goal with the rewarding and anxiogenic consequences of cocaine administration (see review by Ettenberg 2004) . The novelty of the current findings lies in the results of the correlational analyses between these two tests. Despite the inherent procedural differences between the place conditioning test, which employs a CS-US (place-drug) classical conditioning paradigm, and the runway test, which employs a hybrid operant and classical conditioning paradigm in which animals emit an operant response (running) to enter a place associated with drug delivery, the results from the two procedures appear to be sensitive to the same underlying processes. As depicted in Fig. 6 , larger preferences for the cocaine-paired environment in the place test were associated with shorter start latencies in the runway. Given that drug-induced CPPs are generally interpreted as a measure of drug Breward^(e.g., Bardo and Bevins 2000; Carr et al. 1989; Tzschentke 1998 Tzschentke , 2007 White and Carr 1985) , these results suggest that greater cocaine reward was predictive of greater motivation to subsequently initiate cocaine-seeking in the runway. However, CPPs were not predictive of run times or retreats in the runway indicating that these latter two dependent measures were associated with some other aspect of cocaine action. Indeed, as animals developed ambivalence about goal box entry in the runway test (i.e., as approach-avoidance retreat behavior strengthened over trials), run times also grew, undoubtedly a consequence of the subjects spending more time in the alleyway before entering the goal. This is of course confirmed by the strong positive (r s =0.96) correlation between run times and retreat frequency. Previous work in our laboratory has long suggested that the development of retreat behavior in animals running for cocaine stems from the drug's dual rewarding and anxiogenic effects, both of which come to be associated with the goal box (Ettenberg 2004 (Ettenberg , 2009 ). This position is further supported by the current observation that while CPPs were unrelated to retreat frequency or run times, CPAs were positively and significantly correlated with both measures. Thus, the more negative the drug experience is for subjects (as measured by CPA magnitude), the longer those same subjects subsequently took to leave the start box (r s = 0.62), the more retreats they made in the runway (r s =0.62), and the longer they took to finally enter the goal box (r s =0.65). Finally, we note that although animals were all tested first in the place condition test and then in the runway, there was no evidence to show that the modest prior drug exposure from the CPP/CPA tests had in any way altered subsequent runway behavior-i.e., the runway test produced response patterns and magnitudes that were highly comparable to those that we had previously reported in animals that did not have any prior cocaine exposure (e.g., see recent studies by Ettenberg et al. 2011; Su et al. 2012; Wenzel et al. 2014) .
Of particular interest in the current study was whether or not the magnitude of these dual affective responses to acute (once daily injections of) cocaine, predicted the behavior of animals permitted to freely self-administer the drug. In that regard, and as might be expected, runway start latency (the Fig. 7 Spearman rank-order correlations between run times and retreat frequency in the runway. Animals that emitted the most retreats before entering the goal box tended to record longer run times (i.e., took longer to enter the goal box). Open circles identify subjects in the 6-h selfadministration group; closed circles identify subjects in the 1-h group. *p<.05 time it took the subject to leave the start box) was strongly and positively correlated with the latency to initiate selfadministration responding each day (r s =0.81)-indicating that high motivation to seek cocaine in one test, predicted high motivation to do so in the other test. Run time (the time required to enter the goal box once the subject had left the start box) was significantly and negatively correlated with several measures in the self-administration test including the average number of reinforcers that animals earned during each trial (across both the 1-and 6-h groups; r s =−0.67), the mean number of reinforcers earned during the first hour of testing (r s =−0.67), and, perhaps most importantly, the degree of response escalation observed over the course of testing (i.e., the difference score between the first and last day of cocaine selfadministration; r s =−0.60). Retreat behaviors were also negatively associated with response escalation (r s =−0.51) although this correlation narrowly missed statistical significance (p=0.051). Ahmed and Koob (1998) have suggested that the occurrence of escalated responding in animals provided 6-h of daily access to cocaine reflects the development of cocaine Fig. 8 Spearman rank-order correlations computed on the response escalation of subjects in the self-administration test (based on their ranked percentage increase in reinforced responding from trial 1 of trial 10) and their ranked scores in the conditioned place preference (CPP) test (top left), the conditioned place aversion (CPA) test (top right), the frequency of retreats exhibited in the runway test (bottom left), and their average runtimes in the runway test (bottom right). Animals with the numerically lower CPP/CPA ranks exhibited the smallest preferences or aversions; higher ranked animals exhibited larger preferences or aversions. Animals with numerically lower ranks for retreat frequency exhibited fewer retreats than those with higher ranks, while for run times, subjects with lower ranks entered the goal box sooner (shorter run times) than animals with higher ranks (longer run times). Larger CPPs, but not CPAs, were associated with a greater escalation in self-administration responding. In the runway test, escalations in self-administration responding were associated with shorter run times and marginally fewer retreats (p=0.051). Open circles identify subjects in the 6-h self-administration group; closed circles identify subjects in the 1-h group. *p<.05 addiction and results from underlying neuroadaptations in the brain's reward system that renders the drug less rewarding and hence motivates compensatory enhanced responding to overcome this form of drug tolerance (Ahmed and Koob 1998; Ahmed et al. 2002; Koob et al. 2004) . If that hypothesis is correct, then the current results suggest that the less aversive the effects of acute cocaine (i.e., the faster the animals made it into the goal box of the runway), the greater the likelihood that they would exhibit escalated self-administration responding (i.e., the greater their predisposition to self-administer cocaine at rates that would induce the development of an addictive state). This suggests that individual differences among organisms in the development of cocaine addiction are likely related to the relative valence of the drug's positive and negative consequences during initial acute exposure. Indeed, others have similarly pointed out the importance of assessing a drug's positive and negative actions for understanding drug abuse (e.g., Cunningham et al. 2009; Gaiardi et al. 1991; Riley 2011; Verendeev and Riley 2012) . The current results, for example, are very much line with those of Cunningham et al. (2009) , who used conditioned taste aversions to assess the negative properties of drugs of abuse and reported that animals found to be more sensitive to the aversive effects of a drug later self-administer less drug than those who found the drug to be less aversive (see also Cannon et al. 1994; Riley 2011; Risinger and Cunningham 1998) . The current data showing that CPPs but not CPAs were positively and significantly correlated with the escalation in self-administration responding is clearly consistent with these prior results.
An unexpected but important finding in the current study was the observation that response escalation (from trial 1 to trial 10) in cocaine self-administration was observed in both the 1-and 6-h groups. It had previously been presumed that such escalation in drug-reinforced responding over trials only occurred with 6-h but not with 1-h of daily access to cocaine and reflected a transition from Brecreational^to Baddicted^drug use (e.g., Ahmed and Koob 1998) . Here, we show that response escalation occurred even in the 1-h group, a result that likely stems from the fact that the 1-h group in the current study had experienced prior exposure to cocaine in both the place conditioning (8 injections) and runway (14 injections) tests. While it is true that the degree of escalation was significantly greater in the 6-h versus the 1-h group, the fact that response escalation (and hence presumably the development of underlying compensatory neuronal adaptations) was present in the 1-h group suggests that the key factor in the escalation of drug consumption (and hence quite possibly the development of cocaine addiction) may not be the duration of daily access to the drug but rather the cumulative amount of drug exposure over time. Thus, even Brecreational^drug users who expose themselves to a relatively limited amount of drug in a given day or week are likely to be at risk for the development of addiction if that exposure persists over time.
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